Using a general synthetic procedure employing readily accessed terminal alkene functionalised pro-ligands and macrocyclisation by ring-closing olefin metathesis, rhodium carbonyl complexes have been prepared that contain lutidine-(1a; n = 1) and pyridine-(1b; n = 0) derived tridentate CNC macrocycles with 
Introduction
Complexes bearing mer-tridentate "pincer" ligands continue to find diverse applications in organometallic chemistry and catalysis.
1 Pincer ligands confer thermal stability and support a broad range of metal-based reactivity: reactivity that can be tuned by variation of both the axial and equatorial donors. Phosphine based systems bearing a central aryl donor (PCP) are amongst the most widely studied, with iridium derivatives notable for their high activity as alkane dehydrogenation catalysts (e.g. A, Chart 1). 2 Recently lutidine-derived pincer ligands have also become prominent and can support bifunctional metal-ligand reactivity through base induced pyridine dearomatisation (e.g. leading to B). 3, 4, 5 Alongside the ever-growing interest in N-heterocyclic carbene (NHC) ligands, CCC and CNC pincer architectures featuring trans-NHC donors have been prepared and partnered with a wide variety of transition elements. 6 Palladium(II) based CCC and CNC complexes have been shown to be catalytically active in C-C coupling reactions and recently, inspired by work using PCP ligands, Chianese and co-workers have used analogous NHC-based variants in iridium-catalyzed alkane dehydrogenation reactions (e.g. C).
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Chart 1: Iridium pincer complexes
Despite facile synthetic procedures for imidazolium-based pro-ligands, the vast majority of reported CNC and CCC complexes feature NHC donors bearing simple alkyl (e.g. Me, n Bu, t Bu) and aryl (e.g. Mes, Dipp) appendages. Expanding on a limited number of prior examples, 9 we have recently begun exploring the coordination chemistry of macrocyclic ligands based on CNC pincer scaffolds. Our interest in this ligand topology is motived by the potential to (a) reinforce the thermal stability associated with pincer ligands through the macrocyclic effect; (b) exploit additional reaction control though their unique steric profile, especially through 'wiper-blade' like motion of the linking group; and (c) construct interlocked molecular assemblies though active-metal template strategies. 10 As part of these investigations, we have previously prepared palladium(II) derivatives of lutidine-derived CNC macrocyclic ligands containing aliphatic spacers of different length (D, Chart 2) and reported on how the ring size alters the structure and dynamics of the d 8 square planar complexes. 11 Significant ground-state steric effects are induced using the shorter spacers (m = 8, 10), while the dodecamethylene spacer (m = 12) enabled distortion-free accommodation of ancillary ligands (X = Cl, F) within the macrocycle. In this communication we expand upon the coordination chemistry of CNC macrocycles containing the latter aliphatic chain length. In particular, we describe synthetic methodology, involving olefin metathesis, that allows the preparation of NHC-based rhodium macrocycles containing both lutidine (n = 1) and pyridine (n = 0) derived CNC pincer scaffolds with dodecamethylene spacers (1, Chart 2). The influence of the pincer backbone and macrocyclic topology on their dynamics and reactivity is examined.
Chart 2: Complexes containing CNC pincer ligands
There are surprisingly few rhodium complexes containing neutral CNC pincer ligands as precedents for 1.
Indeed, those that have been reported are limited to a narrow range of pyridine-bridged systems (E -I, (CF 3 ) 2 ), which helps confer solubility in a range of organic solvents including diethyl ether, benzene and dichloromethane. Seeking to similarly prepare 1b, we first attempted to prepare pyridine bridged L1b.
Although we did not exhaustively investigate all potential macrocyclisation reactions, we found that direct adaption of routine literature protocols for non-cyclic CNC pro-ligands, 17 involving alkylation of 2,6-bis(imidazolyl)pyridine with 1,12-dibromododecane or alkylation of 1,12-bis(imidazolyl)dodecane with 2,6-dibromopyridine in refluxing dioxane, gave unsatisfactory results. Consequently to avoid the need for preformed macrocyclic pro-ligands L1, a metal-template based procedure employing more accessible terminal alkene functionalised pro-ligands L2 was developed (Route 2, Scheme 1). Macrocyclisation can be achieved using sequential olefin metathesis/hydrogenation steps following coordination of the pro-ligand.
Methodology of this nature is well documented in the literature, 18 with work by Gladysz particularly noteworthy for its use of rhodium(I)-based templates.
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Scheme 1: Synthetic procedures for the preparation of 1 (a; n = 1; b, n = 0) The terminal alkene functionalised pro-ligands (L2) were readily prepared and corresponding rhodium carbonyl adducts 2 generated using analogous reaction conditions to those used for 1a. Purification on silica afforded 2a (58%) and 2b (83%) with good isolated yields. Macrocyclic derivatives 1 were then obtained from 2 by sequential olefin metathesis (Grubbs I) and hydrogenation. Under the same reaction conditions, analysis by ESI-MS revealed that the cyclisation of 2b (100% conversion within 1 h) proceeded more rapidly than 2a (ca. 69% conversion after 1 h). In both systems, complete and selective macrocyclisation is observed, however, the latter system required an additional portion of catalyst for full cyclisation. This difference in reactivity is entirely consistent with the more favourable ligand substituent geometry of the planar, pyridine-based L2b ligand. Hydrogenation of the resulting internal alkene groups using Pd/C (4 atm H 2 ) was effective for both systems, although under these conditions 1b was found to be unstable. 21 Consequently, preparation of 1b was instead carried out using [Ir(COD)(py)(PCy 3 )][BAr 22 enabling rapid and selective hydrogenation of the internal alkene group (10 mol% catalyst, 1 atm H 2 ). Ultimately despite these subtle differences in conditions, high purity samples of 1 were readily obtained from 2 in high isolated yields; 78% (1a) and 68% (1b) over two steps. With 2,6-bis(bromomethyl)pyridine as a common precursor, the effectiveness of each synthetic procedure can be evaluated for 1a. Although the reactions were not fully optimised, route 2 noticeably gave a much greater overall yield (43% over four steps) in comparison to route 1 (20% over two steps); principally due to the low yielding preparation of L1a (39%) compared to L2a (94%). 6, 7, 23 In line with preceding work using palladium, 11 this time averaged symmetry is fully retained on cooling to 185 K (see Figure S10 ). High symmetry is also adopted in a solid-state X-ray structure of 1a obtained using single crystals grown from diethylether -hexane under an inert atmosphere (Figure 1, left) . The ancillary carbonyl ligand notably binds with a Rh1-C2 bond distance of 1.804(3) Å and is well accommodated within the cavity of the macrocycle; the alkyl spacer only slightly askew. We have also obtained a much more asymmetric solid-state structure when crystallisation was carried out under non-routine conditions using a different solvent combination (CH 2 Cl 2 -pentane, 1 atm CO). In this polymorph (1a*), the alkyl spacer is instead completely twisted to one side of the molecule resulting in unmistakable C 1 symmetry (Figure 1, right Thermal ellipsoids drawn at the 50% (left, symmetrical; 1a) and 30% (right, asymmetrical; 1a*) probability levels; minor disordered components and anions are omitted for clarity. Selected bond lengths (Å) and angles(º): 1a -Rh1-C2, 1.804(3); Rh1-N10, 2.134(2); Rh1-C18, 2.036(3); Rh1-C24, 2.042(3); C2-O3, 1.148(4); N10-Rh1-C2, 175.16 (13); C18-Rh1-C24, 172.77(12); C11-C16-N17, 112.1(3). 1a* -Rh1-C2, 1.796(9); Rh1-N10, 2.150 (7); Rh1-C18, 2.020 (7); Rh1-C24, 2.038 (7); C2-O3, 1.153 (11); N10-Rh1-C2, 175.0(3); C18-Rh1-C24, 169.9(3); C11-C16-N17, 110.8(6). . 30 In solution, the metal-metal interaction observed for 1b in the solid-state is not retained, with concentration invariant UV-vis absorption spectra (deep violet in CH 2 Cl 2 solution) and observation of C 2v symmetry by NMR spectroscopy (298 K, 500 MHz). The high symmetry observed by NMR spectroscopy infers dynamic movement of the alkyl spacer across both sides of the molecule on the NMR time-scale and is only halted by cooling below 225 K, where decoalescence of the N-CH 2 CH 2 resonances can be noted (see Figure S13 ). The slow exchange limit cannot, however, be reached even on cooling to 185 K. ESI-MS revealed a parent ion signal at 508.1570 m/z (calc. 508.1578) with an integral-spaced isotope distribution, further supporting monomeric formulation of 1b in solution. As seen with the lutidine-based ligands, spectroscopic data associated with the coordination of L1b and non-cyclic L2b are remarkably similar (Table   1) . Likewise, reasonably good agreement is seen between 1b/2b and F, based on the limited data available for the latter (v(CO) 1977/1980 vs ca 1982 cm -1 in MeCN). 13 In terms of the ability to form dimers in the solid-state, with no crystal structures at hand for 2b and F (and to a lesser extent bulky I), it remains to be seen if this is a general feature of the chemistry of pyridine-based NHC pincers.
Oxidative addition reactions
As a means to assess differences in reactivity, we have studied oxidative addition reactions of 1 with MeI and PhICl 2 in CD 2 Cl 2 solution by NMR spectroscopy (Scheme 2). Pyridine-based rhodium macrocyle 1b reacted rapidly and quantitatively with MeI (3 eqv.) to afford yellow Rh(III) derivative 3b within 3 h at 293
K. Under the same conditions, however, no significant reaction was apparent for 1a, which instead required 50 eqv. MeI to promote oxidative addition (95% conversion to 3a after 3 h). Scaling up the reaction, Rh(III) adduct 3b was isolated in 75% yield. The structure of 3b was firmly established by X-ray diffraction ( Figure   3 ) and fully corroborated in solution by 1 H, 13 are unable to unambiguously assign the geometry of this product, but through comparison to the spectroscopic data of 3b, the geometry of related literature precedents, 16 and noting the C 2 symmetry observed for 4a (vide infra) we suggest the iodide and methyl ligands adopt a trans arrangement as is seen for 3b. Significant dynamic behaviour of 3a in solution is apparent by broad methylene resonances in the 1 H NMR spectrum at 298 K (500 MHz). Complete decoalescence is observed on cooling below 280 K and the exchange is frozen out at 250 K, revealing a C 1 geometry (see Figure S16 ). This dynamic behavior clearly indicates that, irrespective of the geometry of the ancillary ligands, the alkyl chain of the lutidine-based pincer ligand in 3b is highly fluxional in solution. Haynes and co-workers have previously studied the reaction kinetics of the closely related oxidative addition of MeI to F in acetonitrile; resulting in two isomeric Rh(III) species (G). 13 These reactions were shown to be second order and to proceed with large negative entropies of activation, consistent with a nucleophilic oxidative addition reaction mechanism. Given the structural similarity with (calc. 578.0955) m/z. The adoption of a trans-configuration for the chloride ligands is apparent from high symmetry in the 1 H NMR spectra of 4a (C 2 ) and 4b (C 2v ) at 298 K (500 MHz). As for the parent compounds 1, this high symmetry is only retained for the lutidine-based 4a on cooling to 200 K (see Figures S21 and S23) ; the 1 H NMR spectrum of 4b at this temperature shows C s symmetry consistent with the skewing of the alkyl spacer to one side seen in the X-ray structure ( Figure 3) . As for the methyl iodide derivatives, the increase in formal state is accompanied by reduced 1 J RhC coupling constants for the NHC and carbonyl ligands (Table   1 ) and a significantly shifted v(CO) band (4a, 2110 cf. 1979 cm -1 ; 4b, 2111 cf. 1986 cm -1 ). The latter changes in the carbonyl stretching frequencies on oxidation are noticeably more pronounced in comparison to those seen during the formation of 3.
The oxidative addition reactions clearly indicate an increase in reactivity (MeI) and product stability (MeI and PhICl 2 ) for the pyridine-based 1b in comparison to the lutidine-based 1a. Electronic differences between the two complexes are evident from the carbonyl stretching frequencies in CH 2 Cl 2 (1a, 1979 cm -1 ;
1b, 1986 cm -1 ), although the values do not tally with the observed trend in reactivity -the lower value observed for 1a would conventionally suggest a more electron rich metal centre and a greater disposition towards oxidative addition. 31 Curiously, despite the differences between the two pincer architectures found for 1, the carbonyl bands for the corresponding Rh(III) derivatives are, however, remarkably similar (3a, suggests that steric effects can play a key role in the relative stability of Rh(I) and Rh(III) fragments supported by tridentate ligands. Given the large changes in NHC-substituent geometry that result from the two central donor groups, evidenced by the highly dynamic movement of the alkyl spacer in the lutidinebased macrocyclic systems, the origin of the differences in reactivity observed between 1a and 1b, may be predominately steric in origin. In the absence of detailed calculations, however, the precise delineation of underlying steric or electronic effects remains to be determined.
Dearomatisation of 1a
In view of the low apparent stability of Rh(III) complexes of L1a and the increasing use of pincers as bifunctional ligands (vide supra), we sought to explore additional base-induced reactivity of 1a. With rhodium PNP pincers K and ruthenium CNC pincers L as closely related precedents, 3,5b the reaction of 1a 
Summary
Building upon our previous work with palladium, 11 in this report we have described the preparation and reactivity of rhodium complexes containing macrocyclic CNC pincer ligands. In particular, we have The resulting neutral dearomatised complex ([Rh(C^N^C*-(CH 2 ) 12 )(CO)], 5) has been fully characterised in solution, by variable temperature 1 H NMR spectroscopy, and in the solid-state, by X-ray diffraction. Further investigation of the coordination and organometallic chemistry of macrocyclic CNC and CCC pincer ligands, including 1, is on-going in our laboratory.
Experimental

General experimental methods
Manipulations were performed under an inert atmosphere using Schlenk (dinitrogen unless otherwise stated) and glove box (argon) techniques unless otherwise stated. Glassware was oven dried at 130ºC overnight and flamed under vacuum prior to use. 22 were synthesised using literature procedures. All other solvents and reagents are commercial products and were used as received. NMR spectra were recorded on Bruker DPX-400, AV-400, DRX-500 and AV-600 spectrometers at 298 K unless otherwise stated.
Chemical shifts are quoted in ppm and coupling constants in Hz. IR spectra were recorded on a PerkinElmer Spectrum One FT-IR spectrometer. UV-vis absorption spectra were recorded on Agilent Cary 60 spectrometer. High resolution ESI-MS were recorded on a Bruker MaXis spectrometer. Microanalyses were performed at the London Metropolitan University by Stephen Boyer.
Synthesis of new compounds
7-imidazole-1-heptene
NaH (60% wt suspension in mineral oil, 0.32 g, 8.03 mmol) was added portion-wise to a stirred solution of imidazole (0.50 g, 7.34 mmol) in 50 mL THF at 0°C, over 5 minutes. 088 mmol) in CH 2 Cl 2 (3 mL) was added and the suspension stirred for a further 5 hours. The solution was filtered and the filtrate reduced to dryness to afford the crude product, which was then passed through a silica pad using CH 2 Cl 2 as the eluent to give a vibrant yellow oil. The oil was then dissolved in Et 2 O and excess hexane added to precipitate the product, which was isolated by filtration and washed with hexane to give 1a as a yellow powder. Yield: 0.129 g (52%). 
] (4b)
A solution of 1b (0.020 g, 0.015 mmol) and PhICl 2 (0.004 g, 0.015 mmol) in CH 2 Cl 2 (2 mL) was stirred at room temperature for 3 hours. The reaction mixture was layered with pentane and left to stand for 16 hours to 
Supporting information
X-ray crystallographic data for complexes 1a, 1a*, 1b, 3b, 4b and 5 in CIF format. Selected NMR and UV-vis absorption spectra. This material is available free of charge via the Internet at http://pubs.acs.org.
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